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SPECIFICATION 

TITLE OF THE INVENTION 

ELECTRIC DOUBLE LAYER CAPACITOR 
TECHNICAL FIELD 

This invention relates to an electric double layer 
capacitor utilizing an electric double layer formed at the 
interface between polarizable electrodes and an electrolyte. 
BACKGROUND TECHNOLOGY 

Known electric double layer capacitors of the type 
mentioned above are comprised of, as shown in Fig. 1, 
polarizable electrodes 1 which are obtained by press molding 
of active carbon particles, by applying a mixture of active 
carbon particles and an appropriate binder onto a collector 
metal, or by forming a spray coating layer of aluminium on 
active carbon fibers. The polarizable electrodes 1 are 
accomodated in a stainless steel case 2 and are facing each 
other through an electrolytic solution and a separator 3. 
The metallic case 2 is sealed through a gasket 4 at a 
peripheral opening thereof. 

Another type of known capacitor now in use is shown in 
Fig. 2 in which a non-polarizable electrode 5 is used as one 
electrode. 

In these known arrangements, solvents used for the 
electrolytic solution are propylene carbonate, r — 
butyrol actone, N,N-dimethyl formal dehyde, and acetonitrile 
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In the case of polarization at the anode, the stainless 
steel in the electrolytic solution cannot make a complete 
passive state but dissolves in the solution. The potential 
at which the current starts to run owing to the dissolution 
is 2.3 - 2.4 volts which is determined depending on the 
decomposition potential of the solvent at the cathode. This 
is lower than the potential of oxidation of active carbon 
the potential of decomposition of the electrolyte in the 
electrolytic solution using the organic solvents. 
Accordingly, when the stainless steel case 2 is used as a 
current collector, the potential at the anode is restricted 
by the potential of dissolution of the stainless steel, so 
that a potential of 3 V which is in an electrochemically 
stable potential region determined by the polarizable 
electrode 1 and the electrolytic solution could not be 
effectively utilized. 

For instance, when an excess voltage over a voltage at 
which a leakage current starts to increase is applied, large 
amounts of iron, nickel and the like are detected in the 
electrode a* the side of the anode, from which it has been 
confirmed that the stainless steel is dissolved and iron 
ions are moved from the anode toward the cathode. 

As will be seen from the above, when stainless steel is 
used as the metallic case 2, it is difficult to effectively * 
utilize a potential of 3 V which is. in an electrochemically 
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stable region determined by the active carbon polarizable 
electrode 1 and the electrolytic solution. In order to 
obtain an electric double layer capacitor of a breakdown 
voltage which enables one to use 3 V, it is necessary to use 
a material which allows passage of a reactive current at a 
potential ecus) to or larger than active carbon of the 
polarizable electrode 1 and which has strength sufficient as 
the case if the anode is subjected to polarization in a 
solvent used. 

One such a material may be titanium which forms a 
passive state in electrolytic solutions. As shown in Fig. 
3* however, the breakdown voltage becomes higher than in the 
case using stainless steel. Uith electrolytic solutions 
using propylene carbonate and tetraethyl ammonium 
perchl orate, the region where the reactive current flows 
increases by about 0.8 V. However, the internal resistance 
increases, so that when the voltage drop becomes large in 
case where the electric double layer capacitor is used, with 
an attendant problem that such a capacitor cannot be in use. 
The present invention is contemplated to solve the above 
problem and has for its object the provision of an electric 
double layer capacitor which has a high breakdown voltage 



over 3 V. 

DISCLOSURE OF THE INVENTION 

The present invention contemplates to solve the above 
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prodem and has for its object the provision of an electric 
double layer capacitor having a high breakdown voltage over 
3 V. 

More particularly, the present invention has such an 
arrangement that a metallic case piece at the side of an 
anode which is in contact with a conductive electrode and 
electrolyte i3 provided with an aluminium layer on the inner 
surface thereof. Uhen aluminium is formed on the surface in 
contact with the electrolyte* an oxide film is formed on the 
aluminium layer according to an applied voltage. In a 
region to which a voltage has once applied, no reactive 
current passes, so that the reaction of dissolution can be 
inhibited. Thus, there can be obtained an electric double 
layer capacitor which is electrochemical ly stable even uhen 
a potential of 3 V is applied. 

Because the aluminium oxide film thickness is small and 
thus the resistance is low, an increase of the internal 
resistance as in the case using titanium does not occur at a 
low voltage of about 3 volts. In this case, the collector 
metal serves also as a material for the case and should have 
high strength sufficient for the case. If the case is 
constituted of aluminium alone, the strength is not 
satisfactory. In addition, because a limitation is placed 
on the thickness of the case from the standpoint of a 
product size, too large a thickness is not practical. Under 
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these restricting conditions, it is necessary to use a 
material. such as =tainl „ 3 ^ § uhich ^ f 

in electric connection on use as an external terminal and 
high strength, in combination with aluminium. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1 and 2 are, respectively, sectional views of 
known electric double layer capacitors; Fig. 3 ia a 
potential-current characteristic of electric double layer 
capacitors using stainless steel and titanium; Fig. ft is a 
sectional view of an electric double layer capacitor 
according to one embodiment of the invention; and Fig 3 . 5 - 
7 are, respectively, sectional views of further embodiments 
of the invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Embodiments of the invention are described with 
reference to Figs. A through 7. 

An embodiment shown in Fig. a includes polarizable 
electrodes 6 each made of an active carbon fiber cloth 
elding of a mixture of an active carbon powder and a 
binder. An aluminium conductive electrode 7 i 3 formed on 
one side of the electrodes 6 by plasma spray coating. The 
Polarizable electrodes 6 are encased in metallic case 
Pieces 9, 10 of stainless steel which have an aluminium 
layer 8 on the inner surfaces thereof i„ SU ch a way that the 
conductive electrodes 7 contact the inner surfaces of the 
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case pieces 9,10. The conductive electrodes 7 are connected 
tc the merallic case pieces 9, 10 by spot welding. One of 
the polarizable electrodes 6 which is a counter electrode at 
the side of the cathode is impregnated with an electrolytic 
solution which has 10 utfc of tetraethyl ammonium 
tetraf luoroborate added to propylene carbonate. An ion- 
permeable separator 11 is provided between the polarizable 
electrodes 6 and a gasket 12 is arranged around the opened 
periphery of the metallic case pieces 9, 10 and the 
metallic piece 10 is subjected to curling to complete a 
sealed case. 

A capacitor shown in Fig. 5 is an embodiment where no 
aluminium layer is formed on the inner surface of the 
metallic case piece 10 at the side of the anode. 

In Fig. 6, there is shown a capacitor which is similar 
to Fig. d but a non-pol arizable counter electrode 13 of, for 
example, lithium is used as a cathode and the metallic case 
pieces 9, 10 have, respectively, aluminium layers 8 on the 
inner surfaces thereof. 

Fig. 7 shows another embodiment in which a non-pol ar-izabl e 
electrode is used as the counter electrode 13 and the 
metallic case piece 10 has an inner aluminium layer at the 
side of the counter electrode 13. 

The metallic case pieces 9, 10 may be made of, aside 
from stainless steel, iron, nickel, titanium and copper 
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The present invention is described by way of examples. 
CExample 13 

In the embodiments shown in Figs. A and 5, a 250 

micrometer thick aluminium conductive electrode 7 is formed 

by plasma spray coating on one surface of a polar izable 

electrode 6 consisting of a phenolic active carbon fiber 

2 

cloth (thickness 0.5 mm, specific surface area 2000 m /g). 
This double- layered construction is punched in the form of 
a disk having a diameter of 2 cm to obtain electrodes. 
The electrodes are imoregnated uith an electrolytic solution 
having 10 utX of tetraethyl ammonium tetraf luoroborate in 
propylene carbonate, after uhich they are superposed through 
separator 11. This unit is encased in a stainless steel 
case made of pieces 9, 10 uhich is covered uith an aluminium 
layer 8 (such as a layer having a purity of 99. 86* and a 
thickness of 70 micrometers or a layer having a purity of 
99.995: and a thickness of 60 micrometers) only on the inner 
surface contacting the anode and on inner surfaces 
contacting both electrodes. A gasket 12 is provided in an 
opening end between the metallic case pieces 9, 10 and 
caulked to close the opening. 

Several characteristics of the electric double layer 
capacitors according to the invention are indicated in Table 
1 as Nos. 1-3. In Table 1, characteristics of an electric 
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double layer capacitor for comparison in which the stainless 
steel case is not cowered with aluminium on the inner 
surfaces thereof are indicated as No. 6. 
CExample 2D 

Coconut shell active carbon particles are mixed uith a 
polyflon binder and molded (thickness 0.5 mm, specific 
surface area 800 mVg) to obtain a polarizable electrode 6. 
The electrode is formed with a 250 micrometer thick 
aluminium conductive electrode 7 by plasma spray coating. 
This double- layered construction is punched into disks 
having a diameter of 2 cm to obtain electrodes. The 
electrodes are impregnated uith an electrolytic solution of 
10 utSt of tetraethyl ammonium tetraf 1 uoroborate in propylene 
carbonate and superposed through a separator 11 and 
sandwiched between metallic case pieces 9, 10 in which the 
stainless steel case piece 9 -alone or pieces 9, 10 are 
covered uith an aluminium layer 8 (purity 99.86*, thickness 
70 micrometers) on the inner surface or surfaces thereof The 
metallic case pieces 9, 10 are closed uith a gasket 12 at 
the opening therebetween. 

In Table 1, the characteristics of the electric double 
layer capacitors of the invention are shown as Nos. A and 5. 
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Table 1 



. Case Construction Active Caoaci- Internal Break- Life under 
Carbon tance Resist- doun h»oh tem- 
ance Voltage perature & 

1 oading 
conditions 

3-0 V, 70°C 
1000 hours 



Cacacitora of Invention: 

1 anode :A1 -covered phenolic 3 F 

stainless active carbon 
steel fibers 
(Al purity: 
99.86%) 

cathode: stain I ess 
steel 

2 anode: Al -covered 

stainless 
steel 

<A1 purity: 
99.992) 

cathode : sta i n I ess 
steel 

3 anode: Al -covered 

stainless 
steel 

(Al purity: 
99.99%) 

cathode:Al-c over ed 
stainless 
steel 

(Al purity; 
99.86X) 



0.16 ohms 



(variation 
in capaci- 
tance) 

3 V -5% 



phenolic 3F 0.16 ohms 3V -5* 
active carbon 
fibers 



Phenolic 3F 0.16 ohms 3V -5% 

active carbon 
fibers 
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Capacitors of Invention 



4 anode :Al -covered 
stain lass 
steel 

(A) purity: 
99.865:5 



coconut 
shall active 
carbon particles 



0.8 F 0.1 ohm 3 V 



-SJt 



cawode : ata in 1 ess 
steel 

5 anoce:A1 -covered 
arain I ess 
steel 

' A 1 purity: 
99.86!:) 



coconut 
shel 1 active 
carbon parr idea 



0.8 F 0.1 ohm 3 V 



-55S 



earnobe : Al —covered 
stainless 
steel 

<A1 purity: 
99.993C) 



Prior Art Capacitor: 

6 stainless steel phenolic 3 F 0.16 ohms 2.3 V -95* 

for both anode active carbon 

and cathode fiber* 



CE-amole 32 

As shown in Figs. 6 and 7, a polarizable electrode 6 of 
an acrylic active carbon fiber cloth (thickness 0.5 mm. 
specific surface area 800 m /g) is formed with a 250 
micrometer thick aluminium conductive electrode 7 by plasma 
spray coating. This doubl e-1 ayered construction is punched 
into a disk having a diameter of 2 cm, thereby obtaining an 
anode electrode. This electrode is superposed with a 
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lithium non-pelarizable electrod 13 having a diameter f 2 
cm through a separator 11 to obtain an electrode pair. Thi 
pair is impregnated with an electrolytic solution of 10 ut* 
of lithium tetraf 1 uoroborate in propylene carbonate and 
sandwiched with stainless steel case pieces 9, 10 in which 
the stainless steel piece 9 atone or the pieces 9, 10 are 
covered with an aluminium layer (purity 99.99JJ, thickness 60 
micrometers) on the inner surfaces thereof. The opening end 
between tr.e case pieces 9, 10 is provided with a gasket 12 
and caulked to close the pieces. 

In Table 2, there are shown characteristics of the 
electric double layer capacitors of the invention as Nos. 1 
and 2. For- comparison, there are also shown characteristics 
of an electric double layer capacitor in which no aluminium 
layer is formed on the inner surfaces of a metallic case as 
No. 3. 
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Table 2 



'lo. Ciae Construction Combi- Capaci- Interna 1 Break- Life 

nation tence Resist- dour> under 
of Elect- ance Voltace High 

<rodea Tempera- 
ture and 
Loading 
Conditions 

3.0 V, 70°C 
1000 hours 

_ . , (Variation 

Capacitors or Invention: j n capac i_ 

tance) 

1 anooe: At -cowered facing type 6 F 0.15 ohms 3 V -52 

stainless of a pola— 
steel rizable 
(Al purity: electrode & 
99.99X) a n on -pola - 

rizable 
cathode; stainless electrode 
steel 

2 anode :A1 -cowered ' 6 F 0.15 ohms 3 V -5* 

stainless 
steel 

(Al purity: 
99.99X) 

cathode: Al -covered 
stainless 
steel 

Prior— art Capacitor: 

3 stainless steel " 6 F 0.15 ohms 2.8 V -5052 
for both an anode 

and a cathode 



INDUSTRIAL UTILITY 

As will be understood from the foregoing, according to 
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the orient indention, an electric double layer capacitor of 
a high breakdown voltage f 3 V or higher can be readily 
fabricated in uhich an aluminium layer i B formed at least on 
the inner surface of a metallic case at the aide of the 
anode. The aluminium layer is formed with an 
electrochemically stable anodized film according to an 
applied voltage and the resistance of the film is so low as 
not to present practical problems. This property of the 
aluminium film is effective utilized for the fabrication. 
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1, 6 ... POLAR IZABLE ELECTRODE 

2, 9, 10 ... METALLIC CASE 

3, 11 ... SEPARATOR 

4, 12 ... GASKET 

5 ... NON -POLAR I Z ABLE ELECTRODE 

7 ... CONDUCTIVE ELECTRODE 

8 . .. ALUMINIUM LAYER 

13 ... COUNTER ELECTRODE 
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WHAT IS CLAIMED IS: 

1. An electric double layer capacitor of the type 
which comprises a polarizable electrode hawing a conductive 
electrode on one side thereof, a counter electrode provided 
on the other aide of said polarizable electrode through an 
electrolytic solution and a separator, and two metallic 
pieces for sealingly encasing said polarizable electrode and 
said counter electrode which are electrically interconnected 
with the tuo metallic pieces, respectively, at least a 
metallic piece provided at the side of the polarizable 
electrode being provided uith an aluminium layer on the 
surface contacting the conductive electrode and the 
electrolytic solution. 

2. An electric double layer capacitor according to 
Claim 1, wherein said counter electrode is a polarizable 
electrode of active carbon fibers or powder having a 
conductive electrode on one side thereof. 

3. An electric double layer capacitor according to 
Claim 1, wherein said counter electrode is a non-pol arizabl e 
electrode. 

£. An electric double layer capacitor according to 
Claim 1, wherein said conductive electrode is made of 
aluminium. 

5. An electric double layer capacitor according to 
Claim 5, wherein said metallic pieces are made of a member 
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elected from the group consisting of stainless steel, iron, 
ickel , titanium, and copper alloys. 
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FIG. 2 




FIG. 3 
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FIG. A 

12 7 9 6 11 




10 8 



FIG. 5 




10 6 11 




FIG. 7 

6 7 9 8 12 



0207167 

INTERNATIONAL SEARCH REPORT 

InMmitiefttiAMlicatioflNo PCT/JP85 / 00706 



I. CLA33OTCAT10N QJt SUBJECT MATTER M^»»rilcllii.^i WtY wW» B c^, l no^wr 



Accorowg to international Patent CiaiaiKahon UPCI ci (a Mm National C«»n«».«n «ne iPC 



Int. CI 



H01G 9/00 



Minimum Documentation Searched • 



Classification System j 



CJaiaificahon Spneofs 



IPC 



H01G 9/00 



Documentation Sesrcnea olht' than Muutium Documentation 



Jitsuyo Shinan Koho 
Kokai Jitsuyo Shinan Koho 



top* Extent thai such Documents art tnouded in me FgHos Sear ched » 

1926 - 1984 
1971 - 1984 



III. DOCUMENTS CONSIDERED TO BE RELEVANT'' 



Category - 



C latiQnQf Document --^tH inQrcapcn «r.»re a Dor,. 2r <>e C !re 'e<r~^3a7sageT 



Relevant to Oarm No 



t 



JP, A, 59-4114 {Matsushita Electric 

Industrial Co. , Ltd. ) , 

10 January 1984 (10. 01. 84) & WO, Al, 

8400246 S JP, A, 59-48917 & JP, A, 

59-67617 & EP, Al, 112923 & JP, A, 

59-138327 



JP. A, 59-151414 (Matsushita Electric Industrial 

Co., Ltd.), 29 August 1984 (29. 08. 84) • 

(Family: none) i 

ff'A' 47 «"i2 577 (The Standard Oil Company), I 
13 July 1972 (13. 07. 72) & GB, A, Y 

1315084 & FR, Bl, 2119994 & SE, B, I 

382523 & JP, B4, 56-28007 '< 



JP, U, 56-5664 6 (Malcon Electronics Co , 
Ltd.), 16 May 1981 (16. 05. 81) 
(Family: none) 



1-5 



1-5 



* Soeciai uteres oi c-ted documents -» 
■A" documem defining me general sate of me an wn.cn j not 
Jonsme-eo to be of oarbcuiar re:evance 

"E~ tanif oocumem out autmshed on or after me -ntemaiionai 
filing date 

"L" document. «n.cn may throw doubts on pnontv claim's) or 
•mien :s ettea w ejtaensn, me ouDJicaticn date of another 
elation or oils' soecui reason tas sceolied) 

0' document reier-.rg to an oral osocsure use enftoticn or 
othe* "riti 



,p " Document Burn-shed onor tc me .nterr.aiicnai fiimg i 
fan me onenrv care darned 



: out 



-ale- oocjm~t oudshefl after the international filing a,,. „ 
onontv date ano not m conflict with the asoUcabon Out cited to 
understand me pnncrote or theory underlying the invention 
* 0 ° cumem °* oaTiemar utterance, the claimed inyention cannot 
^Z^T" -««■■ <* =»™ot be consioereo to Avon* an 

V Oocumerjoi oancuw -e*venee me cfa.meo invention cannot 

•scones wim one or more other sucn document such 
eomcnanon oemo oowows to a person smiled « the an 
1" document memoer oi me same oatent tanwy 



IV. CERTIFICATION 



Cate of the actual Cof-owfc 91 me fr.:en-.a;ic-a Ssartn • 

March 17, 1986 (17. 03. 86) 



International Searching a u tno«ty 

Japanese Patent Office 

Form OCT ISA ?"C -sec5no sneet 1 .Cc~oer '9)n 



Dai* -t Mawng \r<f-ttsiv Ses'r rreocrt- 

March 24, 1986 (24. 03. 86) 



Stature pi iutnonito Officer 



